Comparative studies of development illustrate how ontogenies have evolved and identify the evolutionary changes in development associated with morphological diversity. Although there has been disagreement over how developmental data can be used in systematics (e.g., Nelson, 1978; Mabee, 1993) , ontogeny is potentially a rich source of data for phylogenetic and comparative studies.
For development to be compared among organisms, it needs to be characterized using methods that adequately describe the relevant aspect of ontogeny and permit objective comparisons. Some aspects of development can be described in terms of continuous variables such as measures of size or shape (Alberch et al., 1979) . Other aspects can be characterized as discrete phenomena, such as whether a structure has appeared or whether it has acquired a specific morphology. The temporal order of a set of such phenomena in an organism's ontogeny constitutes a developmental sequence (Alberch et al., 1979; Alberch, 1985) , which can be described in two complementary (and in some cases, overlapping) forms. One form focuses on the transformation of a structure from one character state to another (Alberch, 1985; Mabee, 1989) ; for example, skull unossified -» partly ossified -> fully ossified. I refer to this as a transformation sequence. The other form, the focus of this paper, emphasizes the ordinal succession of distinct developmental events; for example, palatine ossifies -» pterygoid ossifies -» maxilla ossifies. I call this an event sequence; in this form different events can be considered separately.
Development has been described in terms of event sequences in a wide range of studies that reveal variation within and among species. Currently, there is no explicit, standard method for analyzing such variation; here, I propose such an approach.
EVENT SEQUENCES An event sequence may describe the order of developmental events in an individual or a collection of individuals (usually a species). The information in an event sequence is the order of each event relative to every other event. For example, in the sequence in Table 1 event U comes after event E and before events A, I, and O. To characterize such a sequence for comparative studies, I will focus here on the TABLE 1. A hypothetical sequence of five events with information expressed in terms of sequence units. 1 = event named first in unit occurred first; 2 = event named second occurred first; ? = two events occurred simultaneously. TABLE 2. Reconstruction of the ossification sequence of five bones in seven specimens of Nerodia fasciata using sequence units. From the bones present, the information on order contained in each specimen is expressed in terms of sequence units. The consensus state for each unit is determined and from these states the consensus sequence is derived. [Data from Velhagen, 1995.] Specimen no. smallest unit of information in a sequence: the order of two events relative to each other. All the information contained in a sequence can be described in terms of the order within every possible pairwise combination of events; these pairwise combinations are sequence units.
Every sequence unit is identified, named, and characterized (Table 1) . For n events, there are n(n -l)/2 possible combinations: one for every pair of different events. In both listing and naming these combinations, it helps to follow systematically a predetermined pattern, such as an alphabetical list of events. Each sequence unit is named after the two events referred to; for example, the order of events A and E relative to each other will be described by sequence unit A-E. The name of the unit, by itself, does not contain information on order.
The order within a sequence unit is described by treating each sequence unit as a character with three possible character states using the following convention: 1 = the first event in the name of the unit occurs first (e.g., sequence unit E-U in Table  1 ); 2 = the second event in the name of the unit occurs first (e.g., sequence unit A-U in Table 1 ); ? = the two events occur simultaneously in the sequence (e.g., sequence unit A-I in Table 1 ).
In the example in Table 1 , most sequence units are assigned either a 1 or a 2. The exception is sequence unit A-I; events A and I appear in the same step in the sequence. It is possible that one event occurred before the other but that this difference was not observed because of sampling error. In the absence of evidence that two events occurred simultaneously, it Table 3 with shifts among thamnophiine snake species. The phylogeny used is based on those of Lawson (1985) and de Queiroz and Lawson (1994) . Character history was traced using MacClade (Maddison and Maddison, 1992) . • = 1; • = 2; M = ambiguous. In the tree used for unit B-M, the internal nodes are numbered; the hypothetical sequences at these nodes are derived in Table 4. is more conservative to treat the order between these two events as uncertain.
RECONSTRUCTING SEQUENCES
How a sequence is constructed is affected by the sampling method and the extent of variation. In cases where events can be observed through longitudinal sampling, order can be obtained directly. In most studies, however, order is inferred from several individuals of different age. In some of these studies (e.g., Haluska and Alberch, 1983) , specimens could be arranged by a metric of developmental time (e.g., size, age, ontogenetic stage) and an unequivocal sequence inferred because individual specimens did not present contradictory information on the order of events. Such an absence of intraspecific variation in order may be real or may be the result of incomplete sampling.
In other studies, specimens present contradictory information on the sequence of events. Hanken and Hall (1984) observed some variation in the sequence of cranial ossification in 137 specimens of the toad Bombina orientalis. In a few cases (each one involving a different set of bones), a particular bone is present in an individual, whereas a bone that appears earlier in ontogeny in most of the other specimens is absent. Intraspecific variation in sequences is important for two reasons. First, if a sample used to infer a sequence is small, it might not be representative, and the resulting sequence must be interpreted cautiously. The problems of sampling (and observational) error are reduced by increasing sample size, which will also increase the chances of detecting intraspecific variation. Second, such variation can make reconstructing a sequence less straightforward. In such cases, I propose using the information contained in sequence units (not the metrics of developmental time listed above) to provide objective criteria for deriving a sequence.
As an example, I used the ossification sequence of five cranial bones in seven specimens of the snake Nerodia fasciata (Table 2); this information is a subset of previously published data (Velhagen, 1995) . Figure 1 . In sequences where three events are separated from each other by colons, the sequence units indicate that the first event occurs before the third, but the units do not (individually) provide information on the order between the first and second and between the second and third events. Based on events that have occurred, the information on order contained in each specimen can be described using sequence units. For each sequence unit, a consensus character state is then obtained as follows: (1) ? is not considered because it is not informative, (2) the code in the majority (1 or 2) is the consensus state, and (3) if there are equal numbers of codes 1 and 2, the consensus state is uncertain and ? is assigned. A consensus sequence is then reconstructed from the summary states. This is done most readily by giving each event 1 point (pt) for every unit in which it appears first and 0.5 pt for every unit in which its order is uncertain; in Table 2 , for example, event M receives 4 pt because it appeared first in sequences B-M, M-N, M-Q, and M-S. The events are then ranked from the most to the least points. When events have the same number of points (e.g., N and Q in Table 2 each have 0.5 pt), the order among them is considered to be uncertain; these events are therefore placed in the same step in the sequence. In this example, there is variation in order (half of the sequences units have both codes 1 and 2), yet a consensus sequence that is almost fully resolved could be reconstructed objectively by using sequences units.
An alternative, simpler method previously used (Thorington and Vorek, 1976; Roth, 1984) for deriving a consensus sequence is to rank events in terms of the number of specimens in which they have occurred. In Table 2 , for example, the maxilla has ossified in five specimens, the most for any of the five bones; it thus occurred first. In all cases I tested, arranging events by commonality and using the information in sequence units produced identical sequences; it thus appears that no information on order is lost using the simpler method. The method that uses the information on order more explicitly, however, remains useful as a way to check that such information is indeed preserved.
COMPARING SEQUENCES AMONG SPECIES
Among species, variation in the order of events may be complex; comparing sequences is facilitated by using sequence units because the information on order is made explicit. As an example, I used another portion of the snake data set (Velhagen, 1995) : the order of five bones in six species (Table 3) . These sequences differ in their level of resolution because species differ in the number and age distribution of specimens. The sequence of each species is described in terms of sequence units, and the history of each unit is traced on a phylogeny using MacClade (Maddison and Maddison, 1992) . The histories of the four units in the example with shifts among species (indicated by the presence of both codes 1 and 2) are shown in Figure 1 . The distribution of the shifts on the phylogeny can be examined to determine the kind and number of shifts characterizing clades and to evaluate the extent of homoplasy in the evolution of sequences. For the units in Figure 1 , no character history is free from ambiguity, no clade of two or more species is characterized by more than one unam- FIGURE 2. The relationships among five species of poeciliid fishes based on a phylogenetic analysis (using sequence units) of the ossification sequences determined by Strauss (1990) ; this tree is rooted to be consistent with his figure 3. The mapping of the sequence unit character states assumes that the ancestral ossification sequence is represented by the sequence biguous character state change, and no branch shows an unambiguous shift in character states (either from 1 to 2 or from 2 to 1). Thus, there appears to be no clear pattern in the evolution of the order of these five bones in these six species. Clearer patterns, however, were obtained by Smith (1996) , who modified this method to compare developmental sequences of craniofacial structures among four species of marsupial and five species of placental mammals (her method differs in that if two events appeared to occur simultaneously, the character state of their sequence unit was not coded as uncertain [?] but as a character state ordered between the equivalents of codes 1 and 2).
From the character history tracings, the character states of the sequence units at the internal nodes of the phylogeny may be inferred (Fig. 1, Table 4 ). The ancestral sequences may then be reconstructed from these inferred states by first ranking the events as described. However, simply ranking the events is not sufficient because in inferring ancestral sequences the inferred character states may not agree perfectly because they are traced independently. At node 2 (Fig. 1) , for example, the rankings indicate that the supratemporal appeared before both the basioccipital and the maxilla and that the basioccipital ossified before the maxilla. Although the character state tracing supports the appearance of the supratemporal before that of the maxilla (at node 2, unit M-S is coded as 2), according to the tracing the order for the basioccipital and the supratemporal and the order for the basioccipital and the maxilla both are uncertain. Although this uncertainty in units B-S and B-M does not, strictly speaking, contradict the information in unit M-S, it shows that imperfect agreement among reconstructed ancestral states is possible. It is therefore important in reconstructing ancestral sequences not only to rank events but also to incorporate the character state of each sequence unit; in Table 4 , I provide a convention for presenting sequences that incorporates this information.
Sequence units can also be used to generate phylogenetic hypotheses. I carried out a phylogenetic analysis on the data from the six snake species (Table 3) using PAUP (Swofford, 1993) . The analysis resulted in 13 equally most-parsimonious trees (length = 5), for which both strict and semistrict consensus trees were fully unresolved. The only sistergroup relationship supported by a majority of the trees was between Thamnophis radix and Nerodia taxispilota; the supratemporal ossifies before the basioccipital in only these species. Again, there does not appear to be a strong phylogenetic signal in the ossification sequence of these five bones in these six snake species. However, phylogenetic analysis of Strauss's (1990) poeciliid fish data using sequence units produced a single tree (Fig. 2 ) that is consistent with the tree Strauss obtained using the general body size at which bones first appeared; this phylogenetic hypothesis in turn agrees with an independent taxonomy based on morphological characters (Rosen and Bailey, 1963) . Figure 2 shows the changes in sequence units along the branches of the tree. Five of the seven branches are supported by unambiguous shifts in order in at least 2 sequence units; these 25 shifts represent 22 units. In 3 of these units there was a shift in order from the assumed ancestral condition followed by a reversal to the ancestral condition; in each of the other 19 units there was no reversal. Thus, compared with the example using snakes, the shifts in order in these fishes appear to be more informative phylogenetically.
DISCUSSION
Sequence units add rigor to the reconstruction and comparison of sequences by atomizing the complex information they contain. Breaking sequences down into units, however, assumes that units are independent of each other; to various degrees, this assumption is not true logically or biologically.
Because all pairwise combinations are considered, the order in any one unit can be constrained, directly or indirectly, by the order in another: if X occurs before Y and Y occurs before Z, then X must occur before, not after, Z. This logical interdependence means the units of a sequence should not contradict each other. Even in cases where the character states of units are determined independently of each other (such as when ancestral sequences are inferred by optimizing each unit on a phylogeny), I have not yet encountered a case of true contradiction among units within a sequence. Thus, as long as sequence units are interpreted logically and conservatively, their information should be consistent even when units are analyzed separately.
Biologically, sequence units are probably not independent of each other because events may be integrated in development; the genetic and cellular processes underlying integration, however, are generally not known. Without this information, developmental patterns should be interpreted cautiously (Alberch, 1985) ; nevertheless, comparisons of sequences remain useful because they can point out which events appear integrated and when such integration may have broken down (e.g., Smith, 1996) .
If developmental events are not independent, it may be argued that entire sequences should be treated as single characters. To code the variation among entire sequences, the method of Mabee and Humphries (1993) for using step matrices to quantify the evolutionary steps among different possibilities could be adapted. In practice, however, it can be difficult to derive a single number to represent the simultaneous (and interdependent) changes in order among several events, particularly when sequences are not fully resolved.
Breaking sequences down into units facilitates the analysis the variation in order within and among species. As with other characters, intraspecific variation should be reported because it can affect interspecific comparisons (Wiens, 1995) . For example, if the intraspecific variation shown by Nerodia fasciata in Table 2 is representative of the six snakes in Table 3 , this variability may explain (at least in part) why the order of these bones in these species does not contain a strong phylogenetic signal. Related contributing factors may include the small number of characters used and the lack of resolution for most of the sequences.
It is also likely that there are no significant differences in the order of these bones in these closely related species and that the differences among species are random and trivial, the result of sampling error in sequence reconstruction. The effects of sampling error can be assessed by determining now strongly the data from individual specimens support the consensus sequence. In Table 2 , for example, the consensus state for unit B-Q is supported by only one specimen. To make sure this consensus state represents the species, additional specimens at the appropriate stage should be examined to distinguish between signal and noise in sequence units.
